Background Thoracic outlet syndrome is an uncommon cause of upper extremity neuropathy resulting from either neurogenic or vascular compromise in the thoracic outlet. Congenital anomalies as the cause of this disease process represent a minority of cases, and the literature regarding their surgical management is still evolving. Case Report A 42-year-old female without any relevant history presented to a clinic for evaluation of worsening neuropathic symptoms in the upper left extremity. Initial physical exam was unremarkable, and MRI identified an anomalous first rib, but no abnormality of the brachial plexus. The patient was managed conservatively for almost 4 years before symptoms became debilitating. Physical exam at that time found atrophy and weakness in the muscles supplied by the upper trunk of the brachial plexus, and CT demonstrated anomalies of the bone and brachial plexus not apparent on previous MRI. Neurolysis with local resection of the abnormal bone led to successful resolution of the patient's symptoms. Conclusion Identification of a rare congenital anomaly allowed for a precise surgical treatment of the condition. The importance of careful selection of modality and review of imaging in diagnosis and operative planning is discussed.
Introduction
Thoracic outlet syndrome (TOS) is the subject of study by practitioners across numerous disciplines. While anomalous first thoracic ribs are an acknowledged cause of TOS, they are poorly described and rarely discussed in the literature. This report describes a case of neurogenic TOS secondary to a rare first rib abnormality that has only been featured in two case reports [1, 2] as a cause of vascular TOS and a single case series [3] in the last 25 years. Additionally, this case features the use of a less aggressive surgical intervention, focused on adequate correction of the underlying anomaly, rather than the more common approach of partial or full rib resection, which carries significant complication risks.
Case history
A 42-year-old white female without pertinent medical history first presented to the outpatient orthopedics clinic in 2009 with complaints of diffuse aching pain and paresthesias in her left arm without any history of trauma, worsened by weightbearing activities. Physical exam showed intact sensation and strength but was sufficiently concerning for TOS. Brachial plexus MRI identified a hypoplastic first rib forming a pseudarthrosis with the second rib posterior to the clavicle and just anterior to the midaxillary line. The rib continued as a fused rib to the sternal angle. No anomaly of the plexus could be identified at this time. Nerve conduction study (NCS) and electromyography (EMG) at the time showed only a significant Martin-Gruber anastomosis and was otherwise within normal limits. The patient firmly requested a trial of nonoperative management, which consisted of a daily gabapentin regimen for pain control with occasional tramadol for breakthrough. Conservative treatment temporized her symptoms until January of 2013 at which time, she returned to clinic with severely worsening rest pain and limited function.
Complaints included pain radiating into her index, middle, and ring fingers. Physical exam now revealed atrophy of the deltoid. The patient demonstrated shoulder abduction to 70°a nd external rotation to 40. In addition to 4/5 deltoid strength, the upper extremity was nonfocally weaker than her unaffected limb (5−/5 throughout). Sensation was grossly intact. Adson's test was positive and Tinel's sign was present over Erb's point. NCS and EMG were unchanged from prior evaluation. Repeat brachial plexus MR was obtained, which now showed distortion of the course of the nerves over the anomaly but did not sufficiently illustrate the underlying bony abnormality. (Fig. 1 ). As recommended by the radiologist, the patient received a brachial plexus CT, which then clearly defined a bulbous pseudarthrosis occurring immediately posterior to a mildly thickened brachial plexus, compressing it against the clavicle anteriorly [ Fig. 2 ]. Subsequent 3D reconstruction allowed for precise preoperative characterization of the anomaly [Figs. 3 and 4] .
Surgical exploration utilized a combined supraclaviculardeltopectoral approach to expose the plexus, the underlying pseudarthrosis, and the associated bony protuberance. The trunks/divisions of the plexus were found to be draped across the malformation. The decompression of plexus was accomplished by performing neurolysis of plexal elements and a focal removal of the pseudarthrosis and excess bony protuberance. In the immediate postoperative period, the patient reported improvement in her symptoms and was able to begin an exercise therapy regimen shortly after discharge. At the time of 1-month follow-up, the patient had regained the majority of her strength, including the deltoid muscle, her range of motion was within normal limits, and the remainder of her symptoms had resolved. The patient was recommended to have physical therapy but declined given her marked improvement.
Discussion
Thoracic outlet syndrome can be divided primarily into neurogenic and vascular types. Neurogenic TOS may then be further divided in true and disputed types, while vascular TOS is comprised of arterial and venous types. The total incidence has been estimated to be anywhere from 3 to 80 [4, 5] . Thus, most cases of TOS will not be marked by objective clinical findings or imaging to evince a cause in the instance of disputed types. Imaging rarely reveals a focal abnormality, so surgical management, when appropriate for these patients, will have to focus on a general decompression of the anatomic space in question. Congenital anomalies resulting in TOS are less frequent and made up predominantly of fibromuscular bands, variant anatomy of the scalene muscles, and cervical ribs, while anomalous thoracic ribs are rarely identified [6] . These structural anomalies are intrinsically more amenable to focused surgical intervention as compared to the majority of TOS cases.
Most previously reported surgical cases, hypoplastic rudimentary first ribs have opted for variations of classical rib resections to remove the anomalous bony sections in questions. In a single case, the degree of pseudarthrosis was so significant that approximately 15-16 cm of the second rib had to be taken to adequately remove the pseudarthrosis and decompress the neurovascular bundle in addition to resection of the distal first rib [1] . In cases of less substantial pseudarthrosis, the anomalies were corrected with limited first rib resection and anterior scalenectomy by either transaxillary or supraclavicular approach, based on surgeon preference [2, 3] . The operative technique described in this report minimized the size of resection and avoided scalenectomy. Using a general approach of more focal and limited resections for TOS has been described successfully in prior case series [7] . The equivalent results suggest that in the cases of isolated congenital anomalies, the surgeon needs only to adequately remove the focal abnormality to ensure adequate patient outcomes.
This clinical report features three further details that warrant consideration. Firstly, the significant delay between presentation and definitive therapy was not ideal, though it was the patient's decision to hold off as long as possible in this situation. While medical management may offer significant pain control, as in this case, it is unclear how it may affect long term recovery in TOS. In the context of progressively worsening symptoms, it is reasonable to expect worse outcomes from these patients, though there is insufficient literature examining this as a prognostic factor. Secondly, the NCS/ EMG studies done 4-years apart were noncontributory despite multiple independent physicians finding atrophy of the patient's deltoid muscle; however, neither set of studies tested all three heads of this muscle and a conclusive finding may have been lost to simple oversight. In absence of electrodiagnostic findings, the observed atrophy can be attributed to significant disuse, consistent with the patient's reports, as pain symptoms worsened over the several years. Finally, this case illustrates the importance of correctly utilizing various imaging modalities based on one's surgical target. The brachial plexus MR was able to adequately demonstrate displacement of the neural elements, the surrounding soft tissues, and generally define an underlying abnormality of the first and second rib. Computed tomography of the thoracic spine and ribcage with multiplanar/3D reconstruction was then used to characterize the bony lesion more fully. By pairing MRI's strength at assessing soft tissue structures with the superiority of CT for defining bony elements, surgical planning could go forward with a high degree of certainty that the anomaly in question was responsible for the patient's symptoms in spite of normal electrophysiologic findings.
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